Solving the Maxwell equations directly in the timedomain using a newly developed accelerated algorithm, we examine the response of axially excited layers of cholesteric liquid crystals (CLCs) to rectangular wide-extent pulses (WEPs). Although the circular Bragg phenomenon certainly distorts a rectangular WEP when its bandwidth substantially lies within the Bragg regime and the carrier wave's handedness coincides with the structural handedness of a CLC layer, the pulse edges are still transmitted and appropriately coded information is thus not lost. half-maximum (FWHM) bandwidth of 90 nm. In contrast, the Bragg regime of the CLC chosen for calculations in Part I spans 30 nm. Clearly, NEPs could suffer considerable distortion, depending on the choice of l 0 car relative to the Bragg regime of a particular CLC. But wide-extent pulses (WEPs) may be less affected, because of their smaller bandwidths. This thought provided the motivation for the present paper.
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The algorithm described in Part I, however, is not wellsuited for WEPs because a temporal convolution appearing in the time-domain Maxwell equations consumes a tremendous amount of CPU time. Our first task therefore was to accelerate the algorithm, which was facilitated by the choice of the Lorentzian functions used to model the dielectric properties of CLCs. The acceleration procedure is described in section 3, following the theoretical preliminaries presented in section 2. We show in section 4 that rectangular WEPs can be detected after transmission through a CLC layer of large thickness, even when the handedness of the carrier light coincides with the structural handedness of the CLC and the carrier wavelength lies squarely in the Bragg regime. Specifically, the edges of rectangular WEPs are transmitted in those circumstances.
Theoretical preliminaries
The region z l ≤ z ≤ z r , (z l > 0), is occupied by a CLC, while the half-spaces z ≤ z l and z ≤ z r are vacuous. A carrier wave modulated by a pulse is launched from the plane z = 0 at time t = 0 in the +z direction. It excites the CLC, and eventually metamorphoses into a reflected pulse and a transmitted pulse.
Constitutive relations
The time-domains constitutive relations everywhere may be expressed as [3, 4] (1) where e 0 and m 0 are the permittivity and the permeability of free space, respectively, while the operation * denotes convolution with respect to time. The relative permittivity dyad- 
Introduction
Molecular orientations in a cholesteric liquid crystal (CLC) describe either a right-handed or a left-handed helix about a fixed axis. In consequence, axially excited CLC layers exhibit the circular Bragg phenomenon; right circularly polarized (RCP) monochromatic light is mostly reflected, but left circularly polarized (LCP) light is barely reflected, if a CLC layer is structurally right-handed and its thickness is sufficient, when the wavelength of the light lies within the so-called Bragg regime [1, 2] . The time-domain manifestation of the circular Bragg phenomenon has recently been explored by examining the reflection and transmission of narrow-extent pulses (NEPs) by a CLC half-space [3] . Finite difference calculus was used therein to uncover the spatio-temporal anatomy of the circular Bragg phenomenon -as polarization-dependent pulse bleeding. In Part I [4] , the same phenomenon was shown to correspond in the time domain to a very prominent increase in the primary reflected pulse duration when the spectrum of a NEP covers the Bragg regime and the circular polarization state of the carrier wave matches the handedness of the CLC structure.
NEPs possess ultrawide bandwidths. For instance, the pulses of ~8 fs duration modulating carrier light of wavelength l 0 car = 430 nm used in Part I [4] have a full-width ic everywhere is specified by (2) where I --is the identity dyadic and d (t) is the Dirac delta function; while u x , u y and u z are the Cartesian unit vectors and the superscript T denotes the transpose. The rotation dyadic (3) captures the structural right-handedness of the chosen CLC, with 2 Ω being the helical pitch. Single-resonance Lorentzian characteristics are assumed for the dielectric response properties of the CLC; thus [5] , (4) where U (t) is the unit step function, c 0 = (e 0 m 0 ) -1/2 , the oscillator strengths are denoted by p a, b , while l 0 a, b and N a,b delineate the resonant attributes of the chosen medium.
4 × 4 matrix formulation for axial propagation
For axial excitation, all fields are independent of x and y. Let the column 4-vector (5) contain the four non-zero components of the electromagnetic field, the superscript T indicating the transpose. Then, the Maxwell curl equations may be written compactly as [3, 4] (6) with ∂ z ≡ ∂/∂z and ∂ t ≡ ∂/∂t. In (6), the constitutive properties are contained in the 4 × 4 matrix [A --] (z, t) which is identically null-valued for z ∉ [z l , z r ], while (7) with 
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The other 4 × 4 matrix appearing in (6) is as follows:
We also define the matrixes
Finite difference calculus
Both space and time are discretized as z i = i D z, (i = 0, 1, 2, 3, …), and t n = n D t, (n = 0, 1, 2, 3, …); derivatives are replaced by central differences, and the leapfrog method is now employed. Accordingly, (6) transforms to the matrix difference equation [3, 4] (12) wherein the shorthand notations (13) have been used; and b = c 0 Dt/Dz < 1 for stability [6] . The bulk of the convolution is contained in the term
The last two terms of equation (12) 
] describes a carrier wave represented by the column vector [j -(t)] that is amplitude-modulated by the pulse function g (t).
Acceleration of solution algorithm
The calculation of [q -] i n defined in (14) takes up most of the CPU time, and any acceleration (even on a supercomputer) is desirable. If we ensure that z l > z 1 , the chosen Lorentzian properties (4) provide the following route:
Let us define the additional variables as well as making use of (18), we obtain the twin recurrence relations (20) from the definitions (14) and (19).
The constant matrixes corresponding to all z i ∈ [z l , z r ] are computed in the beginning and stored. Thereafter, the accelerated solution algorithm proceeds as follows:
-
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. For all numerical results reported here, the boundary condition was defined through , and the temporal width of the rectangular WEP was fixed at t p = 90.1 fs.
The axial component P z (z, t) of the instantaneous Poynting vector P (z, t) = E (z, t)´H (z, t) was recorded at two values of z for t ∈ [0, 346] fs, one on each side of the CLC layer. Plots of P z (z, t) showing the temporal evolution of the incident and reflected pulses recorded at z = 35000 nm (to the left of z l ) are given in figs. 1 and 2, for LCP and RCP carrier plane waves, respectively. The incident pulses are fig. 2) . Correspondingly, the transmitted pluse contains almost all of the incident energy (except for some absorption in the CLC layer) for the 5 of the 6 cases illustrated in figs. 3 and 4. In the 6th casewhen the carrier wave is RCP and l 0 car = 515 nm -the transmitted pulse carries very little energy.
We observe, however, that the transmitted pulse in figs. 3 and 4 is marked by spires at its leading and trailing edges, regardless of the wavelength and handedness of the carrier light. These spires define the temporal width of the transmitted pulse, which may be measured notwithstanding any other effects the CLC layer may have on the pulse shape. In particular, the spires at both edges of the transmitted pulse carried by RCP light with l 0 car = 515 nm are prominent. Hence, the pulsewidths as well as the interval between the arrival of two consecutive but separated rectangular WEPs may be measured, even when the carrier wavelength lies squarely in the Bragg regime and the carrier handedness coincides with the structural handedness of the CLC layer. Clearly, pulse bleeding associated with the circular Bragg phenomenon can distort a rectangular WEP significantly, but its ghost nevertheless passess through! In order to substantiate this ghost, we computed the temporal Fourier transform of the sampled time series corresponding to the incident and the transmitted pulses. The Fourier transform of the electric field was approximated by the spectrums (24)
The integrals were evaluated with Simpson's 1/3 method [7] , with t¢ 1 and t¢ 2 adjusted to capture the incident and transmitted pulses. The magnitudes (25) of the incident and the transmitted pulse spectrums are plotted in fig. 5 as functions of l 0 , when l 0 car = 515 nm and the carrier light is either LCP or RCP.
We see in fig. 5 that the spectral components of the transmitted pulse are considerably attenuated with respect to that of that of the incident pulse within the Bragg regime (l 0 ∈ [500, 530] nm), when the carrier light is RCP (and l 0 car is sufficiently removed from the resonance wavelengths). The retention of the spires at the transmitted pulse edges is attributed to the wavelength components that are not affected greatly by the circular Bragg phenomenon (i.e. those that lie outside the Bragg regime) and whose preservation allows the ghost of a rectangular WEP to pass through the CLC layer. Designs for CLC optical filters in the wavelength regimes considered here may admit rectangular WEPs without concern for disturbing the temporal widths or relative temporal positions of those pulses. Thus a pulse-width modulation or pulse-position modulation scheme [8] may be used in an optical communication system containing CLC-based devices. A thicker and/or more absorptive CLC layer than the one considered here could also be used to completely filter out pulses with carrier wavelengths in its Bragg regime, while the temporal widths and the arrival times of pulses having carrier wavelengths outside that regime would be unaffected. This last property of CLC layers could be exploited, for example, in a demultiplexing device for optical wavelength division multiplexing [9] .
